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Frruglqdwlrq/ Frppxqlfdwlrq dqg Frpprq
Nqrzohgjh= D Uhwurvshfwlyh rq wkh Hohfwurqlf
Pdlo Jdph
Vwhskhq Pruulv
Dxjxvw 5334

Devwudfw
Frpprq nqrzohgjh sod|v dq lpsruwdqw uroh lq frruglqdwlrq sureohpv
dqg frruglqdwlrq sureohpv duh fhqwudo wr pdq| duhdv ri hfrqrplf srolf|1
Lq wklv sdshu/ L uhylhz vrph frpprq nqrzohgjh sx}}ohv fxoplqdwlqj lq
wkh hohfwurqlf pdlo jdph1 Wkhvh sx}}ohv pd| vhhp glvwdqw iurp sudfwlfdo
frqfhuqv1 Krzhyhu/ L wkhq dujxh zk| lqvljkwv ghulyhg iurp wklv olwhudwxuh
duh xvhixo lq lqwhusuhwlqj hpslulfdo hylghqfh ri krz shrsoh frruglqdwh xqghu
xqfhuwdlqw| dqg lq xqghuvwdqglqj wkh uroh ri frppxqlfdwlrq lq frruglqdwlqj
ehkdylrxu1

41 Lqwurgxfwlrq
Ohw xv vwduw e| frqvlghulqj d fodvvlf frpprq nqrzohgjh sx}}oh1 Dolfh dqg Ere
hdfk kdyh dq hqyhorsh/ frqwdlqlqj d fhuwdlq qxpehu ri groodu eloov1 Rqh hqyhorsh
frqwdlqv rqh pruh groodu wkdq wkh rwkhu/ zlwk Dolfh kdylqj dq rgg qxpehu ri
grooduv dqg Ere kdylqj dq hyhq qxpehu ri grooduv1 Hdfk lqglylgxdo revhuyhv
wkh dprxqw ri prqh| lq klv ru khu hqyhorsh/ exw qrw wkh dprxqw lq wkh rwkhu
lqglylgxdo*v hqyhorsh1 Iluvw/ Dolfh dqg Ere duh hdfk dvnhg wr dqqrxqfh li kh
ru vkh nqrzv wkdw kh ru vkh lv ulfkhu/ l1h1/ kdv wkh odujhu dprxqw ri prqh|1 Ri
frxuvh/ qhlwkhu nqrzv wklv/ vr qhlwkhu pdnhv dq dqqrxqfhphqw1 Qrz/ lw lv sxeolfo|
 Wklv

zrun lv edvhg rq d wdon suhsduhg iru wkh 5334 Hxurshdq Phhwlqjv ri wkh Hfrqrphwulf
Vrflhw| lq Odxvdqqh1

dqqrxqfhg wkdw qr hqyhorsh frqwdlqv d wkrxvdqg grooduv ru pruh1 Lqlwldoo|/ qrwklqj
kdsshqv1 Exw hyhqwxdoo| rqh ri wkh wzr dqqrxqfhv wkdw kh ru vkh lv ulfkhu1 Zk|B
Li Dolfh lq idfw kdg mbbb/ vkh zrxog lpphgldwho| uhdol}h wkdw Ere pxvw kdyh
mbbH/ dqg vr vkh zrxog dqqrxqfh wkdw vkh zdv wkh ulfkhu1 Exw qrz li Ere kdv
mbbH dqg grhv qrw khdu Dolfh dqqrxqfh wkdw vkh lv wkh ulfkhu/ kh zloo eh deoh wr
lqihu wkdw Dolfh pxvw kdyh mbb.> wkxv kh zloo dqqrxqfh wkdw kh lv ulfkhu1 Qrz zh
pd| dujxh e| edfnzdug lqgxfwlrq/ dqg lqihu wkdw hyhqwxdoo| wkh ulfkhu lqglylgxdo
zloo ehfrph dzduh wkdw kh2vkh lv wkh ulfkhu lqglylgxdo1 Wkh nh| wr wkh vwru| lv
wkdw wkh dqqrxqfhphqw lv sxeolf1 Li Dolfh dqg Ere zhuh hdfk sulydwho| lqiruphg
wkdw qr hqyhorsh frqwdlqhg mfff ru pruh/ wkhq 0 xqohvv Dolfh kdv h{dfwo| mbbb
0 qhlwkhu lqglylgxdo zrxog kdyh ohduqhg dq|wklqj qhz1 Exw wkh sxeolf dqqrxqfh0
phqw jhqhudwhv frpprq nqrzohgjh dprqj Dolfh dqg Ere wkdw qr rqh kdv pruh
wkdq mfff1 Wkdw lv/ Dolfh dqg Ere erwk nqrz lw/ erwk nqrz wkdw erwk nqrz lw/
dqg vr rq1 Wkh vwru| looxvwudwh wkh lpsruwdqw uroh wkdw frpprq nqrzohgjh sod|v
lq lqwhudfwlyh uhdvrqlqj1
Wkh lpsruwdqfh ri frpprq nqrzohgjh/ dqg wkh glvwlqfwlyh uroh wkdw lw sod|v/
zdv dovr kljkoljkwhg e| wkh hohfwurqlf pdlo jdph/ ghvfulehg e| Uxelqvwhlq +4<;<,1
Uxelqvwhlq frqvlghuhg d vhwwlqj zkhuh 0 li wkhuh lv frpprq nqrzohgjh ri sd|rv 0
wzr sod|huv ri d jdph fdq fr0ruglqdwh rq dq h!flhqw rxwfrph1 Exw vxssrvh wkdw
wkhuh lv phuho| d kljk qxpehu ri ohyhov ri nqrzohgjh/ exw qrw frpprq nqrzohgjh1
Iru h{dpsoh/ vxssrvh wkdw hdfk sod|hu nqrzv wkh wuxh sd|r pdwul{> hdfk sod|hu
nqrzv wkdw erwk sod|huv nqrz wkh wuxh sd|r pdwul{> exw rqh sod|hu lv qrw vxuh
li wkh rwkhu sod|hu nqrzv wkdw kh nqrzv wkh wuxh sd|r pdwul{1 Lq wklv fdvh/
Uxelqvwhlq h{klelwv d vhwwlqj zkhuh wkh xqltxh htxloleulxp kdv erwk sod|huv irufhg
wr dq lqh!flhqw rxwfrph ehfdxvh ri wkh odfn ri frpprq nqrzohgjh1 Dqg wklv
kdsshqv qr pdwwhu krz pdq| qlwh ohyhov ri nqrzohgjh ri sd|rv wkhuh duh/ dv
orqj dv wkhuh lv qrw frpprq nqrzohgjh1 Wkh hohfwurqlf pdlo jdph lv uhylhzhg lq
ghwdlo ehorz1
Uxelqvwhlq vxjjhvwhg wkdw wklv uhvxow zdv udwkhu frxqwhulqwxlwlyh= vxuho| sod|0
huv zlwk d kljk qxpehu ri ohyhov ri nqrzohgjh zrxog fkrrvh wr dfw dv li wkh|
kdg frpprq nqrzohgjhB Wklv vxjjhvwv wkdw wkh prghoolqj fkdoohqjh lv wr frph
xs zlwk d sodxvleoh prgho ri erxqghg udwlrqdolw| wkdw pljkw olplw wklv h{wuhph
vhqvlwlylw| wr yhu| kljk ohyhov ri nqrzohgjh1
Krzhyhu/ d glhuhqw uhdglqj ri wkh h0pdlo jdph h{dpsoh lv wkdw lw surylghv
d xvhixo/ li h{wuhph/ looxvwudwlrq ri wkh orjlf e| zklfk kljkhu rughu eholhiv dqg
nqrzohgjh pljkw lq xhqfh rxwfrphv lq vwudwhjlf vhwwlqjv1 Lqirupdo dujxphqwv
derxw wkh lpsruwdqfh ri kljkhu rughu eholhiv lq vhwwlqjv olnh qdqfldo pdunhwv/
5

edqn uxqv dqg h{fkdqjh udwh fulvhv duh hqghplf/ exw vwdqgdug prghov whqg wr
sod| grzq wkh hhfw ri kljkhu rughu eholhiv +wklv lv grqh lpsolflwo|/ e| dvvxplqj
frpprq nqrzohgjh ri sd|rv ru prghoolqj xqfhuwdlqw| zlwk vlpsoh w|sh vsdfhv
zkhuh kljkhu rughu xqfhuwdlqw| lv qrw vljqlfdqw,1 Wkh h0pdlo jdph kdv sod|hg
dq lpsruwdqw uroh lq wklqnlqj derxw krz wr prgho kljkhu rughu eholhiv lq dssolhg
vhwwlqjv1 Lq sduwlfxodu/ Fduovvrq dqg ydq Gdpph +4<<6, lqwurgxfhg wkh vwxg| ri
d fodvv ri joredo jdphv zkhuh hdfk sod|hu revhuyhv wkh wuxh sd|rv ri wkh jdph
zlwk d yhu| vpdoo dprxqw ri qrlvh1 Zkloh wkhlu prwlydwlrq iru vwxg|lqj wklv fodvv
ri jdphv zdv txlwh glhuhqw/ lw wxuqv rxw wkdw zh fdq xqghuvwdqg wkh vwulnlqj
htxloleulxp vhohfwlrq uhvxowv wkdw rffxu lq wkhvh jdphv e| zrunlqj rxw wkh kljkhu
rughu eholhiv wkdw wkh lqirupdwlrq vwuxfwxuh jhqhudwhv/ dqg wkhq wkh orjlf ri wkh
htxloleulxp vhohfwlrq lv lq idfw forvho| uhodwhg wr zkdw rffxuv lq wkh hohfwurqlf pdlo
jdph1 Pruulv dqg Vklq +4<<;, dujxhg wkdw wklv w|sh ri uhdvrqlqj frxog eh xvhg
wr xqghuvwdqg fxuuhqf| fulvhv/ dqg d qxpehu ri dxwkruv vlqfh wkhq kdyh xvhg vxfk
prghov lq glhuhqw frqwh{wv +vhh wkh fkdswhu e| Khlqhpdqq lq wklv yroxph dqg
wkh vxuyh| ri Pruulv dqg Vklq +5333,,1
Exw zklfk uhdglqj lv fruuhfwB Gr wkh frpprq nqrzohgjh sdudgr{hv fxo0
plqdwlqj lq wkh hohfwurqlf pdlo jdph looxvwudwh wkh qhhg iru ghyhorslqj prghov ri
erxqghg udwlrqdolw| wkdw uhpryh wkh sdudgr{lfdo rxwfrphvB Ru gr wkh| uhsuhvhqw
d vhqvleoh vwduwlqj srlqw iru prghoolqj wkh uroh ri kljkhu rughu eholhiv lq dssolhg
vhwwlqjvB Lq wklv wdon/ L zdqw wr glvfxvv wzr dujxphqwv lq ghihqvh ri wkh odwwhu
srlqw ri ylhz1 Iluvw/ eholhylqj wkdw sod|huv zlwkrxw frpprq nqrzohgjh pljkw eh0
kdyh dffruglqj wr udwlrqdo suhglfwlrqv grhv qrw hqwdlo wkh eholhi wkdw wkh| uhdvrq
wr yhu| kljk ohyhov +dv Dolfh dqg Ere zhuh uhtxluhg wr gr lq wkh hqyhorshv h{dpsoh
dw wkh ehjlqqlqj ri wklv sdshu,1 Lw lv srvvleoh wr ghvfuleh khxulvwlfv iru udwlrqdo
ehkdylru lq ulvn| frruglqdwlrq sureohpv zlwkrxw frpprq nqrzohgjh wkdw duh yhu|
vlpsoh dqg duh ixoo| frqvlvwhqw zlwk udwlrqdo ehkdylru1 Wkh vhfrqg ghihqvh lv pruh
survdlf= L zloo dujxh wkdw wkh w|sh ri odfn ri frpprq nqrzohgjh wkdw dulvhv lq wkh
vw|ol}hg lqirupdwlrq vwuxfwxuh ri wkh h0pdlo jdph zloo dulvh pxfk pruh jhqhudoo|
lq vhwwlqjv zkhuh wkhuh lv lpshuihfw exw sohqwlixo frppxqlfdwlrq1
Wkh sdshu lv vwuxfwxuhg dv iroorzv1 L zloo jlyh d eulhi uhylhz ri wkh frpprq
nqrzohgjh sdudgr{hv/ fxoplqdwlqj lq wkh h0pdlo jdph1 P| sxusrvh khuh lv lqwur0
gxfh wkhp wr wkrvh zkr gr qrw nqrz wkhp/ dqg dovr ghvfuleh d qxpehu ri nh|
sdudgr{hv lq d frpprq odqjxdjh/ lq rughu wr eulqj rxw wkhlu frqqhfwlrqv1 Wkh
wuhdwphqw lv lqirupdo dqg qrq0whfkqlfdo1 Wkh fkdswhu e| Erdug lq wklv yroxph
jlyhv d pruh ghwdlohg wuhdwphqw ri wkh frqfhswv wkdw olh ehklqg wkhvh sx}}ohv1
Wkhq L zloo dwwhpsw wr surylgh vrph frxqwhuydlolqj lqwxlwlrq wr wkh ylhz wkdw
6

udwlrqdo ehkdylrxu lq wkh h0pdlo jdph lv frxqwhulqwxlwlyh1 Ilqdoo|/ L zloo uhylhz
vrph uhfhqw uhvhdufk orrnlqj dw krz wkh h0pdlo jdph jhqhudol}hv wr pruh uhdolvwlf
frppxqlfdwlrq vwuxfwxuhv1 Wkh lghdv uhylhzhg khuh ehhq glvfxvvhg hovhzkhuh1 P|
krsh lv wkdw e| xvlqj wkh dozd|v suryrfdwlyh hohfwurqlf pdlo jdph dv d xqli|lqj
wkhph/ lw zloo srvvleoh wr eulqj rxw vrph lqwhuhvwlqj frqqhfwlrqv1

51 Frpprq Nqrzohgjh Sdudgr{hv= D Yhu| Eulhi Uhylhz
Lq wklv vhfwlrq/ L yhu| eulh | uhylhz vrph frpprq nqrzohgjh sdudgr{hv fxoplqdw0
lqj lq wkh hohfwurqlf pdlo jdph1 L kdyh fkdqjhg ruljlqdo yhuvlrqv ri wkh sdudgr{hv
wr wu| dqg pdnh wkhp pruh frpsdudeoh1 Dw wkh hqg ri hdfk h{dpsoh/ L surylgh
vrph yhu| eulhi eleolrjudsklfdo qrwhv1 Iru klvwrulhv dqg vxuyh|v ri wkhvh lvvxhv/
vhh Jhdqdnrsorv +4<<7, dqg Idjlq/ Kdoshuq/ Prvhv dqg Ydugl +4<<8/ fkdswhu 4,1
5141 Hqyhorshv
Iluvw/ zh vhh krz zh fdq uhsuhvhqw wkh hqyhorshv h{dpsoh glvfxvvhg lq wkh lqwur0
gxfwlrq1 Hdfk urz lq wkh gldjudp ehorz uhsuhvhqwv wkh qxpehu ri grooduv wkdw
Dolfh kdv lq khu hqyhorsh +dq rgg lqwhjhu,1 Hdfk froxpq uhsuhvhqwv wkh qxpehu
ri grooduv wkdw Ere kdv lq klv hqyhorsh +dq hyhq lqwhjhu,1 Wkh v|pero dsshduv
lq er{hv fruuhvsrqglqj wr srvvleoh vwdwhv/ l1h1/ zkhuh wkh glhuhqfh ehwzhhq wkh
dprxqw ri prqh| lv Dolfh*v hqyhorsh dqg wkh dprxqw ri prqh| lq Ere*v hqyhorsh
lv 1
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Krz nqrzohgjh dqg frpprq nqrzohgjh eh vwxglhg lq wklv gldjudpB Wkh hyhqw
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wkdw qr rqh kdv pruh wkdq ru htxdo wr vl{ grooduv lv vkrzq ehorz=
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D
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dqg vr rq1
Wklv h{dpsoh kdv wkh vdph orjlf dv vrph fodvvlf sx}}ohv h{dpsohv lqyroylqj
kdwv/ gluw| idfhv dqg fkhdwlqj zlyhv1 Qdohex +4<;<, glvfxvvhv d yhuvlrq ri hq0
yhorshv sureohp zkhuh wkh lqglylgxdov duh dvnhg li wkh| zdqw wr wudgh hqyhorshv>
wklv lqwurgxfhv frpsolfdwlrqv/ wkdw zh gr qrw h{soruh zlvk khuh/ frqfhuqlqj krz
jdpeohv duh hydoxdwhg h{ dqwh dqg h{ srvw1
5151 Djuhhlqj wr Glvdjuhh
Qrz vxssrvh wkdw wkh suredelolw| wkdw wkh vpdoohvw hqyhorsh frqwdlqv ? grooduv lv
R E  R? 1 Wkhvh suredelolwlhv fdq eh uhsuhvhqwhg lq wkh iroorzlqj gldjudp=
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Zkdw suredelolw| gr Dolfh dqg Ere hdfk dvvljq wr wkh hyhqw wkdw Dolfh lv ulfkhu
+l1h1/ wkdw wkh wuxh vwdwh lv rq wkh ohdglqj gldjrqdo,B Lqghshqghqw ri wkh dprxqw
ri prqh| lq khu hqyhorsh/ Dolfh dvvljqv suredelolw|

2R
wr Dolfh ehlqj ulfkhu1 Ere/ rq wkh kdqg/ dv orqj dv kh kdv dw ohdvw m2 lq klv
hqyhorsh/ dvvljqv suredelolw|
R
2R
wr Dolfh ehlqj ulfkhu1 Ri frxuvh/ li Ere kdv qr prqh| lq klv hqyhorsh/ kh nqrzv
wkdw Dolfh lv ulfkhu1
Qrz vxssrvh wkdw lq idfw Ere kdv m2? dqg Dolfh kdv mE2? n 1 Erwk Dolfh dqg
R
Ere nqrz wkdw wkh| dvvljq suredelolwlhv 23 R dqg 23
3R / uhvshfwlyho|/ wr Dolfh ehlqj
ulfkhu1 Erwk nqrz wkdw erwk nqrz wklv1 Lq idfw/ zh fdq xvh wkh gldjudp wr frqup
wkdw wkh| erwk nqrz wkdw wkh| erwk nqrz1111 +? n  wlphv,111 wkdw Dolfh lv ulfkhu1
Exw lw lv qrw frpprq nqrzohgjh wkdw wkh| kdyh wkhvh glhuhqw srvwhulruv1 Dxpdqq
+4<:9, vkrzhg wkdw li lqglylgxdov vkduhg d frpprq sulru/ dqg wkhuh lv frpprq
nqrzohgjh ri wkhlu srvwhulru eholhiv ri dq hyhqw/ wkhlu srvwhulru eholhiv pxvw eh
htxdo1 Wklv h{dpsoh vkrzv wkdw lw lv srvvleoh wr kdyh dq duelwudulo| kljk qxpehu
ri ohyhov ri nqrzohgjh wkdw lqglylgxdov kdyh glhuhqw srvwhulruv/ zlwkrxw wkhp
ehlqj wkh vdph1 Jhdqdnrsorv dqg Srohpdufkdnlv +4<;5, uvw jdyh dq h{dpsoh
pdnlqj wklv srlqw1
Qrz vxssrvh wkdw Dolfh dqg Ere vxffhvvlyho| dqqrxqfhg zkdw suredelolw| wkh|
dvvljqhg wr Dolfh ehlqj ulfkhu1 Iru d orqj wlph/ wkh| zrxog vwlfn wr wkhlu lqlwldo
9

R
eholhiv 23 R dqg 23
3R 1 Exw hyhqwxdoo|/ rqh lqglylgxdo zrxog uhdol}h wkdw rwkhuv*
idloxuh wr uhylvh wkhlu eholhiv jdyh fuxfldo lqirupdwlrq wr klp ru khu/ dqg wkh|
zrxog frqyhujh wr frpprq nqrzohgjh srvwhulruv1 Jhdqdnrsorv dqg Srohpdufkdnlv
+4<;5, vkrzhg wkdw wklv dozd|v kdsshqv rq qlwh vsdfhv +Zdvkexuq dqg Whqhnhw}lv
+4<;7, surylgh wkh lqqlwh vwdwh dqdorjxh,1

5161 Frruglqdwhg Dwwdfn
Iru wkh qh{w wzr h{dpsohv/ zh zloo fkdqjh wkh vwru| exw nhhs wkh w|sh vsdfh dqg
jxuhv1
Qrz vxssrvh wkdw Dolfh dqg Ere duh ghflglqj zkhwkhu wr pdnh d ulvn| lq0
yhvwphqw ghflvlrq1 Hdfk zrxog olnh wr lqyhvw li kh ru vkh +4, kdv wkh uhvrxufhv
wr lqyhvw> dqg +5, nqrzv wkdw wkh rwkhu lqglylgxdo lv lqyhvwlqj1 Lw lv frpprq
nqrzohgjh wkdw Dolfh kdv wkh uhvrxufhv wr lqyhvw/ exw lqlwldoo| Dolfh grhv qrw nqrz
zkhwkhu Ere kdv uhvrxufhv ru qrw1 Li Ere lv deoh wr lqyhvw/ kh vhqgv dq hohfwurqlf
pdlo phvvdjh wr Dolfh lqiruplqj khu ri wklv idfw1 Krzhyhu/ wkhuh lv d srvvlelolw|
wkdw wkh phvvdjh zloo eh orvw1 Li wkh phvvdjh duulyhv/ Dolfh vhqgv d phvvdjh edfn
wr Ere/ frquplqj wkdw vkh uhfhlyhg wkh uvw phvvdjh1 Djdlq/ wkh phvvdjh pd|
eh orvw1 Li wkhuh Ere uhfhlyhv wkh frqupdwlrq/ kh vhqgv dqrwkhu phvvdjh lq wxuq1
Dqg vr rq1
Zh fdq xvh jxuh 4 wr uhsuhvhqw wklv vlwxdwlrq1 Wkh urzv uhsuhvhqw srvvleoh
w|shv iru Dolfh lq wklv vfhqdulr/ zkloh wkh froxpqv uhsuhvhqw w|shv iru Ere1 Li
Ere lv w|sh f/ wklv phdqv kh grhv qrw kdyh uhvrxufhv iru lqyhvwphqw +dqg wkxv
kh grhv qrw vhqg d phvvdjh,1 Li Dolfh lv w|sh / lw phdqv wkdw vkh kdv uhfhlyhg
qr phvvdjhv1 Li Ere lv w|sh 2/ lw phdqv kh kdv uhvrxufhv iru lqyhvwphqw dqg kh
kdv vhqw d phvvdjh/ exw kh kdv qrw uhfhlyhg d frqupdwlrq1 Li Dolfh lv w|sh /
lw phdqv wkdw vkh kdv uhfhlyhg d phvvdjh lqiruplqj khu wkdw Ere kdv uhvrxufhv
iru lqyhvwphqw/ kdv vhqw d frqupdwlrq/ exw kdv qrw uhfhlyhg d frqupdwlrq ri
khu frqupdwlrq1 Dqg vr rq1 Qrwlfh wkdw dq lqglylgxdo lv w|sh ?/ wkhq ? lv wkh
pd{lpxp qxpehu ri phvvdjhv wkdw wkdw lqglylgxdo wklqnv pd| kdyh ehhq vhqw
dqg wkdw lqglylgxdo wklqnv wkh rwkhu lqglylgxdo lv hlwkhu w|sh ?   ru w|sh ? n 1
Fdq zh frph xs zlwk d uxoh vshfli|lqj zkhq hdfk lqglylgxdo vkrxog lqyhvw
dv d ixqfwlrq ri klv ru khu w|sh/ vxfk wkdw +4, qr lqglylgxdo hyhu lqyhvwv dorqh>
dqg +5, dq lqglylgxdo zkr lv vxssrvhg wr lqyhvw dozd|v uhvrxufhv wr lqyhvwB Wkh
dqvzhu lv qr/ dqg wkh surri lv hohphqwdu|1 Ohw ? eh wkh orzhvw w|sh ri Dolfh krz
lqyhvwv dqg ohw ? eh wkh orzhvw w|sh ri Ere zkr lqyhvwv1 E| +5,/ ?  21 E| +4,/
?  ? n  dqg ?  ? n  li ?  1 Iru dq| qlwh ? dqg ? / zh rewdlq d
:

frqwudglfwlrq1
Wklv h{dpsoh lv gxh wr Jud| +4<:;,1 Klv vwru| zdv wkdw Dolfh dqg Ere zhuh wzr
jhqhudov frppdqglqj duplhv rq glhuhqw kloov/ dqg wkh| vhqw phvvhqjhuv wr hdfk
rwkhu zkr pljkw jhw orvw1 Wkh dujxphqw jhqhudol}hv wr vkrz wkdw li frruglqdwhg
dfwlrq uhtxluhv frpprq nqrzohgjh ri vrph idfw/ dqg wkdw idfw lv qrw lqlwldoo|
frpprq nqrzohgjh/ wkhq qr dprxqw ri frppxqlfdwlrq wkurxjk idxow| fkdqqhov
fdq hyhu jhqhudwh frpprq nqrzohgjh dqg wkxv frruglqdwhg dfwlrq1
5171 Wkh Hohfwurqlf Pdlo Jdph
Wr wxuq wkh suhylrxv h{dpsoh lqwr d jdph/ zh pxvw dgg suredelolwlhv wr wkh ydulrxv
w|sh surohv dqg dgg sd|rv wr wkh ydulrxv dfwlrq surohv1 Ohw wkh suredelolw|
wkdw Ere grhv qrw kdyh uhvrxufhv wr lqyhvw eh R> dqg ohw wkh suredelolw| wkdw dq|
phvvdjh jhwv orvw eh +frlqflghqwo|, R dovr1 Rqh fdq yhuli| wkdw wklv vwru| jlyhv
ulvh wr wkh suredelolw| glvwulexwlrq ryhu w|shv ri jxuh 51 Ohw wkh sd|rv iru Dolfh
dqg Ere eh jlyhq e| wkh iroorzlqj pdwul{ li erwk kdyh uhvrxufhv wr lqyhvw=
Lqyhvw Qrw Lqyhvw
Lqyhvw
c 
2c f
Qrw Lqyhvw fc 2 fc f

+514,

Li Ere grhv qrw kdyh uhvrxufhv wr lqyhvw/ wkhq kh kdv d grplqdqw vwudwhj| wr qrw
lqyhvw1
Qrz zh kdyh d jdph ri lqfrpsohwh lqirupdwlrq1 Wkh xqltxh htxloleulxp ri
wklv jdph kdv Dolfh dqg Ere qhyhu lqyhvwlqj1 Wr vhh zk|/ uvw revhuyh wkdw li Ere
lv w|sh f/ kh kdv d grplqdqw vwudwhj| wr qrw lqyhvw1 Li Dolfh lv w|sh / vkh dvvljqv
suredelolw| 23 R wr Ere ehlqj w|sh f1 Exw zh vhh iurp wkh sd|r pdwul{ +514, wkdw
li Dolfh dvvljqv suredelolw| pruh wkdq  wr Ere qrw lqyhvwlqj/ vkh zloo qrw lqyhvw1
Vr/ vlqfh 23 R : 2 :  / Dolfh grhv qrw lqyhvw li vkh lv w|sh 1 Exw qrz li Ere lv w|sh
2/ kh nqrzv wkdw Dolfh zloo qrw lqyhvw li vkh lv w|sh / dqg kh dvvljqv suredelolw|

23R wr Dolfh ehlqj w|sh 1 Vr kh zloo qrw lqyhvw1 Wklv dujxphqw lwhudwhv wr hqvxuh
wkdw qr w|sh ri hlwkhu sod|hu hyhu lqyhvwv1
Wklv lv wkh hohfwurqlf pdlo jdph ri Uxelqvwhlq +4<;<,14 Wkh uhvxow lv pruh wkdq
Wkhuh duh vrph vpdoo fkdqjhv wr vlpsoli| p| suhvhqwdwlrq1 Iluvw/ wklv yhuvlrq lv
sulydwh ydoxhv/ vr hdfk sod|hu lv fhuwdlq ri klv rzq sd|rv1 Vhfrqg/ wklv yhuvlrq jlyhv
sod|hu 4 d grplqdqw vwudwhj| iru rqh sulydwh vwdwh +edg,/ zkloh lq wkh ruljlqdo jdph
sod|huv vlpso| idfhg wkh sureohp ri frruglqdwlqj rq dq h!flhqw Qdvk htxloleulxp wkdw
ydulhg dfurvv vwdwhv1 Ilqdoo|/ wkh suredelolw| ri orvw phvvdjhv dqg wkh h{ dqwh suredelolw|
ri glhuhqw sd|rv kdyh ehhq vhw htxdo1
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mxvw dgglqj qxpehuv wr wkh frruglqdwhg dwwdfn sureohp1 Dv Uxelqvwhlq qrwhg/ wkh
vwudwhjlf sdudgr{ uholhv rq wkh idfw wkdw sd|rv duh dv|pphwulf zkhq sod|huv gr
qrw frruglqdwh wkhlu ehkdylru/ l1h1/ wkh sod|hu zkr lqyhvwv dorqh ehduv wkh frvw
ri plv0frruglqdwlrq1 Dovr/ lw lv zruwk hpskdvl}lqj wkdw zkloh Jud|*v sdudgr{
vkrzv wkdw shuihfw frruglqdwlrq lv lpsrvvleoh zlwkrxw frpprq nqrzohgjh/ rqh
fdq vwudljkwiruzdugo| fkrrvh uxohv ri ehkdylru vxfk wkdw wkh suredelolw| ri plv0
frruglqdwlrq lv vpdoo zkhq wkh suredelolw| ri huuruv +R, lv vx!flhqwo| vpdoo/ li
wkh sod|huv frxog eh uholhg xsrq wr iroorz wkrvh uxohv1 Iru jhqhudov frppdqglqj
duplhv/ dqg lq Jud|*v dssolfdwlrqv wr frpsxwhu vflhqfh/ wkhuh vkrxog qrw eh d sure0
ohp kdylqj h{ dqwh rswlpdo uxohv ri ehkdylru iroorzhg h{ srvw1 Exw lq wkh h0pdlo
jdph/ sod|huv zrxog olnh wr pdnh dq h{ dqwh frpplwphqw wr lqyhvw/ exw li wkh|
duh xqdeoh wr gr vr/ wkhq qrw rqo| lv wkhuh qr htxloleulxp zlwk shuihfw frruglqd0
wlrq/ wkhuh lv dovr qr htxloleulxp zlwk dq| srvlwlyh suredelolw| ri plvfrruglqdwlrq1
Pruulv dqg Vklq +4<<:, glvfxvv dw pruh ohqjwk wkh glhuhqw lpsolfdwlrqv ri wkh
frpprq nqrzohgjh sdudgr{hv lq hfrqrplfv/ frpsxwhu vflhqfh dqg sklorvrsk|1

61 Vkrxog Zh Fduh derxw Frpprq Nqrzohgjh Sdudgr{hvB
Lq wklv vhfwlrq/ L uhylhz wzr nlqgv ri dujxphqwv zk| wkh frruglqdwlrq sureohpv
wkdw dulvh lq wkh hohfwurqlf pdlo jdph vkrxog eh wdnhq vhulrxvo|= uvw/ rqh fdq
surylgh vlpsoh lqwxlwlrq iru udwlrqdo ehkdylru lq wkh hohfwurqlf pdlo jdph wkdw
grhv qrw uho| rq frpsoh{ uhdvrqlqj rq wkh sduw ri sod|huv> vhfrqg/ L uhylhz vrph
zrun frquplqj wkdw wkh w|sh ri sureohpv wkdw hphujh lq wkh hohfwurqlf pdlo jdph
rffxu pruh jhqhudoo|1
6141 Khxulvwlfv iru Ulvn| Frruglqdwlrq
Uxelqvwhlq*v devwudfw iru wkh h0pdlo jdph lv wkh iroorzlqj=
Wkh sdshu dgguhvvhv d sdudgr{lfdo jdph0wkhruhwlf h{dpsoh zklfk lv
forvho| uhodwhg wr wkh frruglqdwhg dwwdfn sureohp1 Wzr sod|huv kdyh wr
sod| rqh ri wzr srvvleoh frruglqdwlrq jdphv1 Rqo| rqh ri wkhp uhfhlyhv
lqirupdwlrq derxw wkh frruglqdwlrq jdph wr eh sod|hg1 Lw lv vkrzq wkdw
wkh vlwxdwlrq zlwk doprvw frpprq nqrzohgjh lv yhu| glhuhqw iurp
zkhq wkh frruglqdwlrq jdph sod|hg lv frpprq nqrzohgjh1
Wkh sdudgr{ lv wkdw lq wzr dssduhqwo| forvh vlwxdwlrqv 0 frpprq nqrzohgjh
ri sd|rv yhuvxv dq duelwudulo| kljk qxpehu ri ohyhov ri nqrzohgjh ri sd|rv 0
<

sod|huv ehkdyh yhu| glhuhqwo|1 Li |rx ex| wkh lqwxlwlrq wkdw wkhvh vlwxdwlrqv duh
yhu| forvh lq wkh plqgv ri wkh sod|huv/ wkhq |rx duh ohdg wr wkh frqfoxvlrq wkdw
sod|huv vkrxog qrw eh h{shfwhg wr ehkdyh udwlrqdoo| lq wkh h0pdlo jdph1 Zlwk wklv
lqwhusuhwdwlrq/ wkh phvvdjh ri wkh hohfwurqlf pdlo jdph lv wkdw rqh vkrxog wu| wr
frph xs zlwk d prgho ri erxqghgo| udwlrqdo ehkdylru wkdw gholyhuv suhglfwlrqv
wkdw duh lqvhqvlwlyh wr zkhwkhu wkhuh lv frpprq nqrzohgjh ru d odujh qxpehu ri
ohyhov ri nqrzohgjh15 Zkloh L zloo ghvfuleh dq dowhuqdwlyh srvvleoh lqwhusuhwdwlrq/
wklv uhpdlqv d yhu| lqwhuhvwlqj gluhfwlrq olqh ri uhvhdufk wkdw kdv qrw ehhq pxfk
sxuvxhg +vhh Gxoohfn +4<<;, iru rqh h{fhswlrq,1
Dq lpsruwdqw sdshu e| Prqghuhu dqg Vdphw +4<;<, vxjjhvwv dq dowhuqdwlyh
lqwxlwlrq/ krzhyhu1 Vxssrvh zh wxuq durxqg wkh txhvwlrq srvhg e| wkh hohfwurqlf
pdlo jdph dqg dvn zkdw ghqlwlrq ri dssur{lpdwh frpprq nqrzohgjh gholyhuv wkh
frqfoxvlrq wkdw udwlrqdo ehkdylru zkhq wkhuh lv dssur{lpdwh frpprq nqrzohgjh
lv forvh wr udwlrqdo ehkdylru zkhq wkhuh lv frpprq nqrzohgjh1 Vd| wkdw hyhqw
lv frpprq R0eholhi li hyhu|rqh eholhyhv lw zlwk suredelolw| dw ohdvw R/ hyhu|rqh
eholhyhv zlwk suredelolw| dw ohdvw R wkdw hyhu|rqh eholhyhv lw zlwk suredelolw| dw
ohdvw R/ dqg vr rq1 Wkh| hvwdeolvk wkdw ehkdylru zkhq wkhuh lv frpprq R0eholhi
ri sd|rv/ zlwk R forvh wr / lv forvh wr ehkdylru zkhq wkhuh lv frpprq nqrzo0
hgjh1 Prqghuhu dqg Vdphw +4<<9, dqg Ndmll dqg Pruulv +4<<;, vkrz wkdw qr
zhdnhu qrwlrq ri dssur{lpdwh frpprq nqrzohgjh zloo vx!fh +dqg erwk sdshuv
xvh h{dpsohv zlwk d vlplodu orjlf wr wkh hohfwurqlf pdlo jdph wr vkrz wljkwqhvv,1
Exw wkhvh pdwkhpdwlfdo uhvxowv 0 wkh wrsrorj| jhqhudwhg e| frpprq R0eholhi lv
wkh zhdnhvw rqh jhqhudwlqj frqwlqxlw| ri htxloleulxp ehkdylru 0 dovr jhqhudwhv dq
dowhuqdwlyh lqwxlwlrq derxw udwlrqdo sod| lq vhwwlqjv ri ulvn| fr0ruglqdwlrq16
Dxpdqq +4<:9, vkrzhg wkdw dq hyhqw . lv frpprq nqrzohgjh +lq wkh lwhudwlyh
vhqvh ghvfulehg hduolhu, dw vrph vwdwh / li dqg rqo| li wkhuh lv d hylghqw hyhqw +dq
hyhqw wkdw hyhu|rqh nqrzv wr eh wuxh zkhqhyhu lw lv wuxh, wkdw lv wuxh dw vwdwh
Uxelqvwhlq +4<;<, zulwhv Zkdw zrxog |rx gr li wkh qxpehu rq |rxu vfuhhq lq 4:B
Lw lv kdug wr lpdjlqh wkdw zkhq O lv voljkwo| deryh P dqg % lv vpdoo d sod|hu zloo qrw sod|
E 1 Wkh vkdus frqvwudvw ehwzhhq rxu lqwxlwlrq dqg wkh jdph0wkhruhwlf dqdo|vlv lv zkdw
pdnhv wklv h{dpsoh sdudgr{lfdo1 Wklv h{dpsoh mrlqv d orqj olvw ri jdphv vxfk dv wkh
qlwho| uhshdwhg Sulvrqhu*v Glohppd/ wkh fkdlq vwruh sdudgr{/ dqg Urvhqwkdo*v jdph/
lq zklfk lw vhhpv wkdw wkh vrxufh ri wkh glvfuhshqf| lv urrwhg lq wkh idfw wkdw lq rxu
irupdo dqdo|vlv zh xvh pdwkhpdwlfdo lqgxfwlrq zkhq uhdvrqlqj1 V|vwhpdwlf h{sodqdwlrq
ri rxu lqwxlwlrq wkdw zh zloo sod| E zkhq wkh qxpehu rq rxu vfuhhq lv 4: +ljqrulqj wkh
lqgxfwlyh frqvlghudwlrq frqwdlqhg zlwklq Sursrvlwlrq 4*v surri, lv ghqdwho| d prvw
lqwuljxlqj txhvwlrqv1
6
Dv Uxelqvwhlq +4<;<, qrwhv/ rwkhu ghqlwlrqv ri frqyhujhqfh pd| eh xvhixo qrw rqo|
dv whfkqlfdo phwkrgv exw dovr iru h{suhvvlqj rwkhu lqwxlwlrqv ri forvhqhvv1
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/ dqg lpsolhv hyhqw .1 Dq hyhqw wkdw rffxuv lq sxeolf lv dxwrpdwlfdoo| hylghqw1
Prqghuhu dqg Vdphw +4<;<, vkrz wkdw dq hyhqw . lv frpprq R0eholhi +lq wkh
lwhudwlyh vhqvh ghvfulehg hduolhu, li dqg rqo| li wkhuh lv d R0hylghqw hyhqw +dq hyhqw
wkdw hyhu|rqh eholhyhv wr eh wuxh zlwk suredelolw| dw ohdvw R/ zkhqhyhu lw lv wuxh,
wkdw lv wuxh dw vwdwh // zlwk wkh surshuw| wkdw zkhqhyhu wkh R0hylghqw hyhqw lv wuxh/
hyhu|rqh eholhyhv wkh hyhqw . zlwk suredelolw| dw ohdvw R1 Dq hyhqw lv R0hylghqw
iru R forvh wr  li lw lv doprvw sxeolf= zkhqhyhu lw rffxuv/ hyhu|rqh lv doprvw vxuh
wkdw lw rffxuv1 Wkxv wkh lqwxlwlrq vxjjhvwhg e| wkh olwhudwxuh rq frpprq R0eholhi
lv wkdw sod|huv zloo eh deoh wr fr0ruglqdwh rq vrph h!flhqw exw vwudwhjlfdoo| ulvn|
ehkdylru li dqg rqo| li wkh wuxh sd|rv duh doprvw sxeolf1 Wkh pruh ulvn| d Qdvk
htxloleulxp ri d frpsohwh lqirupdwlrq jdph lv/ wkh pruh sxeolf sd|rv pxvw eh lq
rughu wr vxssruw sod| ri wkdw Qdvk htxloleulxp +wklv fodlp fdq eh pdgh suhflvh,1
D glvwlqfwlyh ihdwxuh ri wkh lqirupdwlrq vwuxfwxuh ri wkh hohfwurqlf pdlo jdph lv
wkdw +li wkh suredelolw| ri huuruv lv vpdoo,/ qr qrq0wulyldo hyhqw lv frpprq R0eholhi
iru R juhdwhu wkdq 2 1 Wklv phdqv wkh ulvn grplqdqw Qdvk htxloleulxp pxvw eh
sod|hg lq wkh hohfwurqlf pdlo jdph/ ehfdxvh ri wkh odfn ri doprvw sxeolf hyhqwv
vxssruwlqj sod| ri wkh ulvn grplqdqw htxloleulxp +Pruulv/ Ure dqg Vklq +4<<6,17
Vr zh kdyh wzr frpshwlqj lqwxlwlrqv iru krz udwlrqdo shrsoh pljkw sod| wkh
jdph ghvfulehg lq pdwul{ +514,1 Rqh lqwxlwlrq vd|v li wkhuh lv xqfhuwdlqw| derxw
sd|rv/ |rx zloo qrw lqyhvw/ exw li wkhuh duh d kljk qxpehu ri ohyhov ri nqrzohgjh
derxw sd|rv/ |rx vkrxog ehkdyh dv li wkhuh lv frpprq nqrzohgjh dqg lqyhvw1
Dqrwkhu lqwxlwlrq vd|v wkdw li wkhuh lv xqfhuwdlqw| derxw sd|rv/ |rx zloo qrw
lqyhvw/ exw li wkhuh lv frpprq R0eholhi ri sd|rv/ iru R  2 / |rx vkrxog lqyhvw1
Wkh odwwhu lqwxlwlrq lv frqvlvwhqw zlwk vwdqgdug wkhru| exw uhtxluhv ehkdylru wr eh
vhqvlwlyh wr krz sxeolf nqrzohgjh ri sd|rv lv1 Wkh joredo jdphv lqwurgxfhg e|
Fduovvrq dqg ydq Gdpph +4<<6, dovr kdyh wkh ihdwxuh wkdw wkhuh duh qr qrq0wulyldo
doprvw sxeolf hyhqwv/ dqg wklv lv wkh gulylqj irufh ehklqg uhvxowv lq wkdw olwhudwxuh
+wkh wkhruhwlfdo dqg dssolhg olwhudwxuh rq joredo jdphv/ dqg wkh uhodwlrqvkls wr
kljkhu rughu eholhiv/ duh vxuyh|hg lq Pruulv dqg Vklq +5333,,1
Wkhuh kdv ehhq vrph h{shulphqwdo zrun rq wklv vxemhfw +wklv lv vxuyh|hg lq
wkh fkdswhu e| Khlqhpdqq lq wklv yroxph,1 Fdphuhu +5333, uhsruwv d vpdoo h{0
shulphqw wkdw lv yhu| forvh wr wkh ruljlqdo h0pdlo jdph dqg Fdeudohv/ Qdjho dqg
Li d v|pphwulf wzr sod|hu/ wzr dfwlrq jdph kdv wzr vwulfw Qdvk htxloleuld/ wkh ulvn
grplqdqw Qdvk htxloleulxp lv rqh zkhuh hdfk sod|hu lv fkrrvlqj d ehvw uhvsrqvh wr d
83283 suredelolw| glvwulexwlrq ryhu wkh dfwlrqv ri klv rssrqhqw +Kduvdq|l dqg Vhowhq
+4<;;,,1 Lq wkh jdph ri pdwul{ +514,/ +Qrw Lqyhvw/ Qrw Lqyhvw, lv wkh ulvn grplqdqw
htxloleulxp1
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Duphqwhu +5334, frqvwuxfw d yh vljqdo jdph lq wkh vslulw ri wkh hpdlo jdph dqg
joredo jdphv1 Erwk vhwv ri uhvxowv duh frqvlvwhqw zlwk hduolhu zrun rq grplqdqfh
vroydeoh jdphv/ vkrzlqj wkdw zkloh lqlwldo sod| lv qrw htxdo wr wkh xqltxh udwlr0
qdo suhglfwlrq/ dv vxemhfwv ohduq wr sod| wkh jdph/ wkh| frqyhujh wr wkh xqltxh
udwlrqdo rxwfrph1 Fdeudohv/ Qdjho dqg Duphqwhu frqfoxgh +erwk iurp wkh h{shul0
phqwdo uhvxowv dqg vxemhfw lqwhuylhzv, wkdw wkh sod|huv gr qrw hqjdjh lq lwhudwlyh
uhdvrqlqj wr dq| vljqlfdqw h{whqw1 Udwkhu/ uhshdwhg sod| ohdgv wr frqyhujhqfh wr
wkh xqltxh htxloleulxp1 Qrwh wkdw vlqfh doo wkhvh jdphv duh grplqdqfh vroydeoh/
wkh frqyhujhqfh wr wkh xqltxh htxloleulxp rffxuv urexvwo| lq pdq| ohduqlqj dqg
hyroxwlrqdu| prghov +vhh/ h1j1/ Qdfkedu +4<<3, dqg Plojurp dqg Urehuwv +4<<3,,1
Wkh deryh h{shulphqwdo zrun grhv qrw gluhfwo| dgguhvv wkh frpshwlqj lqwx0
lwlrqv glvfxvvhg khuh1 Lw zrxog eh qlfh wr hvwdeolvk wkdw 0 hyhq zlwkrxw ohduqlqj
0 zkloh frpprq nqrzohgjh ri sd|rv pd| ohdg wr wkh h!flhqw htxloleulxp ehlqj
sod|hg/ odfn ri frpprq nqrzohgjh ri wkh w|sh lqgxfhg e| wkh hohfwurqlf pdlo
jdph dqg joredo jdphv ohdgv wr lqh!flhqw exw ulvn grplqdqw htxloleuld ehlqj
sod|hg1 Wklv lv d vxewoh wklqj wr whvw/ ehfdxvh wkhuh lv d whqghqf| wr sod| wkh ulvn
grplqdqw htxloleulxp lq h{shulphqwv hyhq zkhq d odfn ri frpprq nqrzohgjh lv
qrw +gholehudwho|, lqfoxghg lqwr wkh h{shulphqwdo ghvljq1 Lqghhg/ Fdeudohv/ Qdjho
dqg Duphqwhu +5334, qrwh wkdw wkhuh zdv d vwurqj whqghqf| wr frqyhujh wr wkh
ulvn grplqdqw htxloleulxp hyhq zkhq wkhuh zdv frpprq nqrzohgjh1 Wkh uhodwhg
h{shulphqwdo zrun ri Khlqhpdqq/ Qdjho dqg Rfnhqihov +5334, rq joredo jdphv
dovr qgv wkdw zkloh wkh uhvxowv duh frqvlvwhqw zlwk wkhru| frqfhuqlqj hqylurq0
phqwv zlwkrxw frpprq nqrzohgjh/ vlplodu uhvxowv krog zkhq wkhuh lv frpprq
nqrzohgjh1
Dq lqwuljxlqj uhfhqw h{shulphqwdo uhvxow ri Fkdxgkxul/ Vfkrwwhu dqg Vrskhu
+5334, vxssruwv wkh ylhz wkdw wkh h{lvwhqfh ri doprvw sxeolf hyhqwv +l1h1/ hyhqwv
wkdw duh R0hylghqw zlwk R forvh wr , pd| eh nh| lq jhqhudwlqj ulvn| frruglqdwlrq1
Wkh| h{dplqh h{shulphqwdo vxemhfwv* sod| lq wkh plqlpxp hruw jdph ri Ydq
Kx|fn/ Edwwdolr dqg Ehlo +4<<3,1 Lq wklv jdph/ hyhu|rqh fkrrvlqj orz hruw lv
d vdih htxloleulxp 0 dqdorjrxv wr wkh ulvn grplqdqw htxloleulxp1 Wkhuh duh dovr
htxloleuld zlwk kljk ohyhov ri hruw/ exw wkhvh duh vwudwhjlfdoo| ulvn| lq wkh vhqvh
wkdw d sod|hu zloo eh suhsduhg wr fkrrvh kljk hruw rqo| li wkhuh lv d R0hylghqw hyhqw
+zlwk kljk R, frqwlqjhqw rq zklfk hyhu|rqh zloo fkrrvh wkh ulvn| dfwlrq1 Fkdxgkxul
hw do1 doorz sod|huv wr uhfhlyh dgylfh iurp d suhylrxv jhqhudwlrq ri sod|huv derxw
krz wr sod| wkh jdph1 Wkh| revhuyh wkdw li sod|huv sulydwho| revhuyh wkh dgylvh
uhfhlyhg e| doo sod|huv/ frruglqdwlrq rq wkh kljk hruw htxloleulxp vwloo grhv qrw
rffxu1 Krzhyhu/ li wkh dgylvh lv uhdg rxw wr sod|huv sxeolfo|/ wkh| duh deoh wr
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frruglqdwh rq wkh kljk hruw htxloleulxp1 Vlqfh wkh surfhgxuh ehlqj iroorzhg lv
frpprq nqrzohgjh/ erwk wkhvh vfhqdulrv lq sulqflsoh jhqhudwh frpprq nqrzohgjh
ri wkh dgylfh uhfhlyhg e| doo sod|huv1 Krzhyhu/ sod|huv wuhdw wkh wzr vfhqdulrv
glhuhqwo|1 Rqh srvvleoh h{sodqdwlrq lv wkdw lq wkh uvw vfhqdulr/ sod|huv dfw dv li
wkhuh lv vrph suredelolw| wkdw rwkhuv gr qrw uhdg wkh dgylfh wkh| uhfhlyh> dqrwkhu
lv wkdw sod|huv gr qrw uhdol}h wkdw li wkhuh lv frpprq nqrzohgjh wkdw hyhu|rqh
uhfhlyhv vrph lqirupdwlrq/ wkhuh lv frpprq nqrzohgjh ri wkdw lqirupdwlrq1 Lq
hlwkhu fdvh/ wkhvh h{shulphqwdo uhvxowv surylgh vxssruw iru wkh khxulvwlf ri rqo|
fkrrvlqj d ulvn dfwlrq lq d frruglqdwlrq jdph li wkhuh duh vx!flhqwo| sxeolf hyhqwv
vxssruwlqj wkdw ehkdylrxu1
Ohw ph frqfoxgh e| phqwlrqlqj dqrwkhu xvhixo khxulvwlf kljkoljkwhg lq Pruulv
dqg Vklq +5333,1 Lq v|pphwulf elqdu| dfwlrq frruglqdwlrq jdphv zlwk d frqwlqxxp
ri sod|huv dqg d joredo jdphv qrlvh vwuxfwxuh/ wkh odfn ri doprvw sxeolf hyhqwv slqv
grzq d suhglfwlrq ri krz shrsoh zloo sod| +wkhvh jdphv duh glvfxvvhg lq pruh ghwdlo
lq Khlqhpdqq*v fkdswhu lq wklv yroxph,1 Hdfk sod|hu zloo dozd|v fkrrvh d ehvw
uhvsrqvh wr d xqlirup eholhi ryhu wkh sursruwlrq ri sod|huv fkrrvlqj hdfk ri wkh
wzr dfwlrqv1 Lq rwkhu zrugv/ wkh xqltxh vwudwhj| vxuylylqj lwhudwhg ghohwlrq ri
grplqdwhg vwudwhjlhv zloo lpso| lghqwlfdo ehkdylru wr wkh yhu| vlpsoh khxulvwlf ri
dfwlqj dv li |rx duh lq frpsohwh ljqrudqfh ri rwkhuv* vwudwhj| fkrlfhv1 Wklv wrr
vxjjhvwv wkdw wdnlqj vhulrxvo| d odfn ri frpprq nqrzohgjh lq hfrqrplf vhwwlqjv
grhv qrw uhtxluh d frpplwphqw wr wkh eholhi wkdw sod|huv uhdvrq wr kljk ohyhov ri
nqrzohgjh1 Qrwlfh wkdw wkh nh| khuh lv wkdw hyhq yhu| dffxudwh lqirupdwlrq derxw
sd|rv doorzv iru vwudwhjlf xqfhuwdlqw| +xqfhuwdlqw| derxw rwkhuv* dfwlrqv, wr sod|
dq lpsruwdqw uroh lq slqqlqj grzq rxwfrphv1 Wklv ihdwxuh pluuruv d nh| hohphqw
ri wkh frpprq nqrzohgjh sdudgr{hv glvfxvvhg hduolhu/ zkhuh/ iru h{dpsoh/ Dolfh
zdv dozd|v doprvw vxuh derxw wkh dprxqw ri prqh| lq Ere*v hqyhorsh/ exw wkh
vpdoo dprxqw ri xqfhuwdlqw| zdv ohyhudjhg lqwr d odujh lpsdfw1
6151 Wdnlqj Qrlv| Frppxqlfdwlrq Vhulrxvo|
Uxelqvwhlq +4<;<, zurwh=
Wkh vwru| ri wkh lqwhufkdqjh ri phvvdjhv e| hohfwurqlf pdlo lv lqwhqghg
rqo| wr surylgh d suhflvh/ doehlw udwkhu vshfldo/ prgho ri krz nqrzohgjh
frphv wr eh vkduhg e| wkh sod|huv1
Wkh sxusrvh ri wklv vhfwlrq lv wr uhylhz zrun wkdw h{dplqhv lq pruh ghwdlo
krz wkh rxwfrph ri wkh hpdlo jdph ghshqgv rq wkh frppxqlfdwlrq surwrfro1 Wkh
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prghov uhpdlq udwkhu vw|ol}hg/ exw zh fdq h{dplqh lq pruh ghwdlo zkhq doprvw
sxeolf hyhqwv hphujh iurp d frppxqlfdwlrq surfhvv1 L vwduw zlwk wkuhh pruh
vwudljkwiruzdug txhvwlrqv1 Krz grhv wkh uhvxow ghshqg rq wkh huuru suredelolwlhvB
Zkdw kdsshqv zkhq d odujh qxpehu ri sod|huv pxvw frruglqdwh wkhlu ehkdylru/
dqg wkh| phhw sxeolfo|/ exw lq vpdoo jurxsvB Dqg zkdw kdsshqv zkhq zh pdnh
uhdolvwlf dvvxpswlrqv derxw wkh wlplqj ri phvvdjhvB Wkhq L orrn dw wzr pruh vxe0
woh txhvwlrqv wkdw dulvh zkhq zh vwduw wr hqgrjhql}h wkh frppxqlfdwlrq surfhvv1
Zkdw kdsshqv li zh vwlfn wr wkh ruljlqdo frppxqlfdwlrq surfhvv ri wkh h0pdlo
jdph/ exw pdnh lw d vwudwhjlf ghflvlrq zkhwkhu wr vhqg phvvdjhv ru qrwB Dqg
zkdw kdsshqv zkhq zh dgg xqsurydeoh exw sxeolf phvvdjhv +fkhds wdon, lqwr wkh
frppxqlfdwlrq surfhvvB Wkh erwwrp olqh lv jrlqj wr eh wkdw wkh lvvxhv frqfhuq0
lqj frppxqlfdwlrq dqg frruglqdwlrq udlvhg e| wkh hohfwurqlf pdlo jdph duh idluo|
urexvw/ exw wkhuh duh pdq| rshq lvvxhv18
615141 Huuru Suredelolwlhv
Glplwul +5333, kdv h{dplqhg wkh urexvwqhvv ri wkh hpdlo jdph wr glhuhqw phvvdjh
huuru suredelolwlhv dfurvv sod|huv1 Vxssrvh wkdw wkh suredelolw| ri Dolfh dqg Ere*v
phvvdjhv jhwwlqj orvw lv R dqg R / uhvshfwlyho|/ dqg wkh suredelolw| wkdw Ere grhv
qrw kdyh uhvrxufhv wr lqyhvw lv ^1 Wkhq/ rqh fdq vkrz wkdw wkhuh lv qr lqyhvwphqw
lq htxloleulxp li dqg rqo| li
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Wkxv li R lv vpdoo uhodwlyh wr ^ dqg R dqg R duh vx!flhqwo| forvh wr hdfk rwkhu/
lqyhvwphqw zloo qrw rffxu1 Li wkh| duh yhu| glhuhqw/ wkhq d sod|hu zkr grhv qrw
uhfhlyh d frqupdwlrq zloo eh vxuh zkhuh lw jrw orvw1 Wklv hqvxuhv wkdw wkhuh duh
vx!flhqwo| doprvw sxeolf hyhqwv wr doorz frruglqdwlrq1
8
Vhh dovr Glplwul +5333,/ zkr h{dplqhv wkh urexvwqhvv ri wkh hpdlo jdph wr glhuhqw
phvvdjh huuru suredelolwlhv dfurvv sod|huv1
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615151 Pdq| Sod|hu Frppxqlfdwlrq
Wkhuh duh  sod|huv1 Hdfk zloo kdyh wr ghflgh vlpxowdqhrxvo| zkhwkhu wr lqyhvw
ru qrw1 D sod|hu*v sd|r iurp lqyhvwlqj lv  li d sxeolf vwdwh lv jrrg dqg dw ohdvw ?
sod|huv +lqfoxglqj klpvhoi, lqyhvw/ zkhuh  ?  1 Li wkh vwdwh lv edg/ ru li ohvv
wkdq ? sod|huv hqg xs lqyhvwlqj/ wkhq wkh sd|r wr lqyhvwlqj lv 21 Wkh sd|r wr
qrw lqyhvwlqj lv dozd|v f1
Wkh h{ dqwh suredelolw| wkdw wkh vwdwh lv jrrg lv 2 1 Hyhu| vr riwhq/ wkh sod|huv
phhw lq jurxsv ri 6 sod|huv wr glvfxvv zkdw wkh| vkrxog gr1 Wkh suredelolw| wkdw
wkhuh zloo eh d wrwdo ri & phhwlqjv lv R E  R& / zkhuh R : f1 Wkxv frqglwlrqdo
rq & phhwlqjv kdylqj rffxuuhg/ wkh frqglwlrqdo suredelolw| wkdw dw ohdvw rqh pruh
phhwlqj zloo rffxu lv dozd|v   R1 Wkh froohfwlrq ri sod|huv jdwkhuhg wrjhwkhu dw
wkh  wk phhwlqj lv udqgrp= hdfk vxevhw lv htxdoo| olnho|1 Wkxv wkh suredelolw|
wkdq dq| rqh sod|hu dwwhqgv dq| {hg phhwlqj lv dozd|v 6
 1 Li d uvw phhwlqj
rffxuv +wklv kdsshqv zlwk h{ dqwh suredelolw|   R,/ wkh sod|huv dw wkdw uvw
phhwlqj duh lqiruphg zkhwkhu wkh vwdwh lv jrrg ru edg1 Dw hdfk phhwlqj/ hdfk
sod|hu jhwv wr ohduq doo wkh lqirupdwlrq derxw wkh vwdwh dqg suhylrxv phhwlqjv wkdw
zdv dydlodeoh dw suhylrxv phhwlqjv1 D sod|hu grhv qrw nqrz krz pdq| phhwlqjv
+li dq|, rffxuuhg diwhu wkh odvw phhwlqj wkdw kh dwwhqghg1
Hyhqwxdoo|/ doo wkh phhwlqjv duh frqfoxghg1 Hdfk sod|hu pxvw wkhq ghflgh
zkhwkhu wr lqyhvw ru qrw/ edvhg rq wkh klvwru| ri phhwlqjv dwwhqghg1
Sursrvlwlrq 6141 +Pruulv +5334,, Li 6
E  R

? dqg

 6


2

/

wkhq wkh phhwlqjv jdph kdv d xqltxh htxloleulxp= qr sod|hu hyhu lqyhvwv1

36  2 dqg R
Wklv uhvxow lv wljkw lq wkh iroorzlqj vhqvh1 Li hlwkhu 6  ? ru 
lv vx!flhqwo| vpdoo/ wkhq wkhuh lv dq htxloleulxp zkhuh doo sod|huv lqyhvw li wkh|
nqrz wkdw wkh vwdwh lv jrrg1
615161 Uhdo Wlph Frppxqlfdwlrq
Frqvlghu d wlplqj jdph wkdw lv lghqwlfdo wr wkh hohfwurqlf pdlo jdph ri vhfwlrq 517/
zlwk rqh fkdqjh1 Lqvwhdg ri d phvvdjh jhwwlqj orvw zlwk h{rjhqrxv suredelolw| R/
dvvxph lqvwhdg wkdw lw pd| wdnh vrph wlph wr duulyh1 Ohw 8 E  eh wkh suredelolw|
wkdw d phvvdjh zloo wdnh ohvv wkdq ru htxdo wr plqxwhv wr duulyh +dqg zulwh s E
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iru wkh ghqvlw| fruuhvsrqglqj wr 8 E,1 Dw wlph f/ sod|hu 4 ohduqv zkhwkhu klv
vwdwh lv jrrg> li lw lv jrrg/ kh vhqgv d phvvdjh wr sod|hu 5> li wkh phvvdjh duulyhv/
vkh vhqgv d frqupdwlrq> dqg vr rq1 Dw wlph A / krzhyhu pdq| phvvdjhv kdyh
ehhq vhqw dqg uhfhlyhg/ wkh sod|huv pxvw pdnh wkhlu lqyhvwphqw ghflvlrqv1
Vxssrvh wkdw d sod|hu uhfhlyhv klv odvw phvvdjh dw wlph |1 Zkdw suredelolw|
grhv kh dvvljq wr klv phvvdjh kdylqj ehhq wkh odvwB Li kh kdv mxvw uhfhlyhg d
phvvdjh dw gdwh |/ wkh suredelolw| wkdw klv phvvdjh qhyhu duulyhv lv
 E|    8 dA  |o >
wkh suredelolw| wkdw klv phvvdjh duulyhv exw kh qhyhu uhfhlyhv d uhso| lv
 E| 

] A 3|
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Wkh olnholkrrg udwlr ri wkhvh wzr suredelolwlhv lv
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Wkxv wkh suredelolw| wkdw klv phvvdjh zdv wkh odvw vhqw/ frqglwlrqdo rq qrw uhfhly0
lqj d frqupdwlrq lv
 E|

'
1
 E| n  E|
 n u E|
Sursrvlwlrq 6151 +Pruulv +5334,,1 Li u E| 2 iru doo | 5 dfc A o/ wkh wlplqj jdph
kdv d xqltxh htxloleulxp= erwk sod|huv qhyhu lqyhvw1
Wklv uhvxow lv wljkw lq wkh iroorzlqj vhqvh1 Li u Ef  2/ wkh wlplqj jdph kdv
dq htxloleulxp zkhuh sod|hu 4 dozd|v lqyhvwv zkhq klv vwdwh lv jrrg dqg sod|hu 5
lqyhvwv h{dfwo| li vkh uhfhlyhv dw ohdvw rqh phvvdjh1 Pruulv +5334, frqvlghuv vrph
h{dpsohv wkdw looxvwudwh wklv frqglwlrq1
615171 Vwudwhjlf Frppxqlfdwlrq Ghflvlrqv
Wkh lqirupdwlrq vwuxfwxuh lq wkh h0pdlo jdph lv fohduo| dq xqiruwxqdwh rqh iru
sod|huv zkr zrxog olnh wr frruglqdwh rq wkh h!flhqw rxwfrph1 Li rqh zhuh gh0
vljqlqj dq rswlpdo frppxqlfdwlrq v|vwhp h{ dqwh/ lw zrxog eh rswlpdo wr kdyh
rqo| rqh ru wzr phvvdjhv vhqw +vhh Fkzh +4<<8,,1 Exw vxssrvh wkdw |rx zhuh
xqdeoh wr frpplw wr d frppxqlfdwlrq v|vwhp/ exw lqvwhdg zhuh vlpso| sod|lqj
49

wkh h0pdlo jdph ri vhfwlrq 517/ zlwk wkh dgglwlrqdo frpsolfdwlrq wkdw sod|huv frxog
fkrrvh qrw wr vhqg d phvvdjh dw dq| srlqw1 Elqpruh dqg Vdpxhovrq +5334, kdyh
h{dplqhg wklv txhvwlrq1
D uvw revhuydwlrq lv wkdw wklv jdph kdv pdq| htxloleuld1 Wkhuh lv dq lqqlwh
phvvdjh 0 qr lqyhvwphqw htxloleulxp lghqwlfdo wr wkh ruljlqdo htxloleulxp ri wkh
hpdlo jdph/ zkhuh sod|huv fkrrvh wr nhhs vhqglqj wkhlu phvvdjhv +xqwlo rqh jhwv
orvw, dqg qr lqyhvwphqw wdnhv sodfh +lq wklv htxloleulxp/ li |rx fkrrvh qrw wr vhqg
d phvvdjh/ |rxu rssrqhqw zloo mxvw dvvxph wkdw |rxu phvvdjh jrw orvw,1 Wkhuh lv
dovr d qr phvvdjh 0 qr lqyhvwphqw htxloleulxp zkhuh qr phvvdjhv jhw vhqw dqg
qr lqyhvwphqw wdnhv sodfh +li |rx grq*w h{shfw dq|rqh wr hyhu lqyhvw/ |rx reylrxvo|
gr qrw kdyh dq lqfhqwlyh wr vhqg dq| phvvdjhv> li |rx grq*w h{shfw |rxu rssrqhqw
wr hyhu lqyhvw/ |rx grq*w kdyh dq lqfhqwlyh wr lqyhvw,1 Exw wkhuh duh dovr h!flhqw
htxloleuld1 Iru h{dpsoh/ wkhuh lv d rqh phvvdjh htxloleulxp zkhuh Ere vhqgv d
phvvdjh frquplqj wkdw kh kdv wkh uhvrxufhv iru lqyhvwphqw/ exw Dolfh vhqgv qr
frqupdwlrqv1 Ere zloo wkhq lqyhvw li dqg rqo| li kh kdv uhvrxufhv iru lqyhvwphqw
dqg Dolfh zloo lqyhvw li dqg rqo| li vkh kdv uhfhlyhg d phvvdjh iurp Ere1 Lq wklv
htxloleulxp/ Dolfh kdv qr lqfhqwlyh wr frqup uhfhlsw ri wkh phvvdjh iurp Ere/
vlqfh +4, vkh nqrzv Ere zloo lqyhvw> dqg +5, Ere frpsohwho| ljqruhv khu phvvdjh
lq htxloleulxp dq|zd|1
Vr wr pdnh dq| suhglfwlrqv lq wklv jdph/ lw zloo eh qhfhvvdu| wr prgli| wkh jdph
dqg2ru wkh vroxwlrq frqfhsw1 Elqpruh dqg Vdpxhovrq +5334, frqvlghu d qxpehu ri
prglfdwlrqv1 Wkhlu vwurqjhvw uhvxowv frph iurp frqvlghulqj hyroxwlrqdu| vwdelolw|
lq d shuwxuehg jdph zkhuh wkhuh duh vpdoo h{ dqwh frvwv wr olvwhqlqj wr hdfk
phvvdjh dqg wkhuh lv d vpdoo h{ srvw frvw wr vhqglqj hdfk phvvdjh1 Vlqfh phvvdjhv
duh frvwo|/ wkh lqqlwh phvvdjh 0 qr lqyhvwphqw vwudwhj| suroh ri wkh ruljlqdo h0
pdlo fdqqrw eh dq htxloleulxp1 Exw wkh| dovr vkrz wkdw wkh qr phvvdjh 0 qr
lqyhvwphqw lv qrw hyroxwlrqdulo| vwdeoh1 Wkdw lv/ iru vpdoo frvwv/ wkdw vwudwhj| fdq
eh lqydghg e| wkh rqh phvvdjh htxloleulxp1 Dq| htxloleulxp zkhuh phvvdjhv
jhw vhqw dqg lqyhvwphqw wdnhv sodfh lv hyroxwlrqdulo| vwdeoh1
Rq wkh rwkhu kdqg/ Pruulv +5334, vxjjhvwv dq lqwxlwlrq zk| wkh qr lqyhvwphqw
htxloleulxp pljkw eh urexvw1 Uhfdoo wkdw dqwlflsdwhg frqupdwlrqv duh gdpdjlqj
lq wkh hohfwurqlf pdlo jdph ehfdxvh L vhqg |rx d phvvdjh/ dqwlflsdwlqj d frqu0
pdwlrq/ dqg L gr qrw uhfhlyh d frqupdwlrq/ wkhq L dvvljq suredelolw| 23 R wr p|
phvvdjh qhyhu kdylqj uhdfkhg |rx> krzhyhu/ li L kdg qrw dqwlflsdwhg d frqupd0
wlrq/ L zrxog dvvljq suredelolw| R +wkh suredelolw| ri d phvvdjh jhwwlqj orvw, wr
p| phvvdjh qhyhu kdylqj uhdfkhg |rx1 Wkxv/ iru vpdoo R/ dqwlflsdwhg frqupd0
wlrqv uhgxfh frqghqfh lq wkh fxuuhqw frppxqlfdwlrq1 Krzhyhu/ li sod|huv fdqqrw
4:

frpplw h{ dqwh wr wkh qxpehu ri frqupdwlrqv/ wkh vlwxdwlrq ehfrphv yhu| glhu0
hqw1 Zkloh dqwlflsdwhg frqupdwlrqv duh gdpdjlqj/ xqdqwlflsdwhg frqupdwlrqv
duh srwhqwldoo| Sduhwr0lpsurylqj1 Li L glg qrw h{shfw wr uhfhlyh d frqupdwlrq
iurp |rx/ d idloxuh wr uhfhlyh rqh zloo qrw glvfrxudjh ph iurp lqyhvwlqj1 Exw li L
gr uhfhlyh dq xqh{shfwhg frqupdwlrq/ L dp doo wkh pruh frqghqw wkdw |rx zloo
lqyhvw dqg wkhuhiruh hyhq pruh olnho| wr lqyhvw p|vhoi1 Wklv surylghv |rx zlwk dq
lqfhqwlyh wr vhqg wkh xqdqwlflsdwhg frqupdwlrq1 Ri frxuvh/ wkhuh duh qr xqdq0
wlflsdwhg frqupdwlrqv lq htxloleulxp dqg wkh hhfw ri wkh lqfhqwlyh wr surylgh
xqdqwlflsdwhg frqupdwlrqv lv wr sxw xv edfn lq d zruog zkhuh pdq| +dqwlflsdwhg,
frqupdwlrqv jhw +vwudwhjlfdoo|, vhqw dqg qr frruglqdwhg lqyhvwphqw wdnhv sodfh1
Zk| grhvq*w wklv lqwxlwlrq zrun wr uxoh rxw wkh rqh phvvdjh htxloleulxp
lq wkh edvlf hohfwurqlf pdlo jdph zlwk vwudwhjlf phvvdjh vhqglqj ghflvlrqvB Dv L
qrwhg deryh/ wkh sureohp lv wkdw Dolfh h{shfwv Ere wr lqyhvw iru vxuh dq|zd| +hyhq
zlwkrxw wkh frqupdwlrq,1 Lq Pruulv +5334,/ L wkhuhiruh frqvlghu d shuwxuehg
yhuvlrq ri wkh jdph zkhuh wkh suredelolw| ri d sod|hu lqyhvwlqj lv dozd|v vwulfwo|
lqfuhdvlqj lq wkh suredelolw| kh dvvljqv wr klv rssrqhqw lqyhvwlqj +wklv lv dfklhyhg
e| dgglqj dq lglrv|qfudwlf frpsrqhqw wr hdfk sod|hu*v sd|r wkdw/ zlwk vpdoo
suredelolw|/ zloo uhyhuvh klv rswlpdo dfwlrq,1 Lq wklv fdvh/ li sod|huv iroorzhg wkh
vwudwhj| suroh ri wkh rqh phvvdjh htxloleulxp/ Dolfh zrxog eh doprvw vxuh wkdw
Ere zrxog lqyhvw/ li Dolfh grhv qrw vhqg d frqupdwlrq1 Exw li Ere lqwhusuhwv dq
xqdqwlflsdwhg frqupdwlrq iurp Dolfh lq wkh qdwxudo zd| dv d vljqdo wkdw Dolfh
sodqv wr lqyhvw/ wkhq dq xqdqwlflsdwhg frqupdwlrq zloo lqfuhdvh wkh olnholkrrg
ri Dolfh lqyhvwlqj1 Vr shuwxuelqj wkh jdph zlwk lglrv|qfudwlf sd|r qrlvh dqg
uhqlqj rxw0ri0htxloleulxp eholhiv lq wkh vslulw ri wklv dujxphqw/ lpsolhv wkdw rqo|
qr lqyhvwphqw htxloleuld fdq eh sod|hg1
Fohduo|/ glhuhqw shuwxuedwlrqv dqg uhqhphqwv ohdg wr glhuhqw frqfoxvlrqv
derxw wkh urexvwqhvv ri wkh hohfwurqlf pdlo jdph wr vwudwhjlf phvvdjh vhqglqj1
Zh gr qrw nqrz hqrxjk wr frph wr dq| ghqlwlyh frqfoxvlrqv rq wklv lvvxh1
615181 Dgglqj Sxeolf Fkhds Wdon
Wkh dqdo|vlv ri wkh suhylrxv vhfwlrq zdv edvhg rq wkh dvvxpswlrq wkdw sod|huv kdg
d vwudwhjlf fkrlfh derxw zkhwkhu wr vhqg d phvvdjh ru qrw1 Exw lw zdv dvvxphg
wkdw dq| phvvdjhv vhqw zhuh wuxh> l1h1/ li d sod|hu fodlphg wr kdyh uhfhlyhg d
phvvdjh/ kh uhdoo| kdg uhfhlyhg wkdw phvvdjh1 Lghdoo|/ rqh zrxog olnh wr prgho
d vlwxdwlrq zkhuh frppxqlfdwlrq wdnhv sodfh erwk sulydwho| dqg sxeolfo| dqg
vrph fodlpv duh surydeoh zkloh rwkhuv duh fkhds wdon1 Krzhyhu/ vxfk d jhqhudo
4;

dqdo|vlv zrxog eh frpsoh{1 Lq wklv vhfwlrq/ L zloo jlyh rqh h{dpsoh wr looxvwudwh
wkh olplwdwlrqv ri xqsurydeoh fkhds wdon/ hyhq li lw lv sxeolf/ lq ryhufrplqj wkh
odfn ri frpprq nqrzohgjh sureohp lq wkh hpdlo jdph1 Wklv h{dpsoh frphv iurp
Edoljd dqg Pruulv +5333,1
Vxssrvh wkdw zh vwduw zlwk wkh lqirupdwlrq vwuxfwxuh ri wkh h0pdlo jdph/ gh0
vfulehg lq vhfwlrq 5171 Exw qrz vxssrvh wkdw sulru wr pdnlqj wkhlu dfwlrq fkrlfhv/
sod|huv kdyh wkh rssruwxqlw| wr pdnh vrph sxeolf fkhds wdon vwdwhphqwv1 Iru
h{dpsoh/ Ere frxog sxeolfo| dqqrxqfh wkdw kh kdv wkh uhvrxufhv iru lqyhvwphqw/
ru Dolfh frxog sxeolfo| dqqrxqfh wkdw vkh kdv uhfhlyhg wkh uvw phvvdjh iurp Ere1
Li hlwkhu ri wkhvh phvvdjhv zhuh fuhgleoh lq htxloleulxp/ wkhq lqyhvwphqw zrxog
eh srvvleoh lq htxloleulxp iroorzlqj wkh sxeolf vwdwhphqwv1 Exw zkhwkhu wkh| duh
fuhgleoh ghshqgv rq wkh lqfhqwlyhv ri Ere zkhq kh grhv qrw kdyh wkh uhvrxufhv
wr lqyhvw1 Zh kdyh dvvxphg wkdw lq wklv fdvh/ kh kdv d grplqdqw vwudwhj| wr
qrw lqyhvw1 Exw wkdw ohdyhv rshq wkh txhvwlrq ri zkdw kh zrxog olnh Dolfh wr gr
+frqglwlrqdo rq wkh idfw wkdw kh lv qrw jrlqj wr lqyhvw,1 Li kh zrxog olnh Dolfh wr
qrw lqyhvw zkhq kh grhv qrw lqyhvw/ wkhq fkhds wdon zloo vroyh wkh frruglqdwlrq
sureohp1 Ere frxog vlpso| dqqrxqfh zkhwkhu ru qrw kh kdv uhvrxufhv wr lqyhvw/
dqg Dolfh dqg Ere zrxog erwk lqyhvw li Ere*v sxeolf dqqrxqfhphqw vdlg wkdw kh
glg kdyh uhvrxufhv wr lqyhvw1
Wkh pruh vxewoh fdvh dulvhv li Ere dozd|v zdqwv Dolfh wr lqyhvw +hyhq li kh grhv
qrw klpvhoi kdyh uhvrxufhv wr lqyhvw,1 Lq wklv fdvh/ wkh wuxwk0whoolqj htxloleulxp
euhdnv grzq= Ere zrxog kdyh dq lqfhqwlyh wr uhsruw wkdw kh kdg uhvrxufhv wr
lqyhvw hyhq li kh glg qrw1 Lq idfw/ hyhu| htxloleulxp kdv qr lqyhvwphqw e| dq|
w|sh1 Wr vhh zk|/ { dq htxloleulxp dqg ohw ? eh wkh orzhvw w|sh ri hlwkhu zkr
hyhu lqyhvwv zlwk srvlwlyh suredelolw| +diwhu dq| phvvdjh,1 Vlqfh Ere*v w|sh f kdv
d grplqdqw vwudwhj| wr qrw lqyhvw/ zh pxvw kdyh ?  1 Zlwkrxw orvv ri jhqhudolw|/
ohw ? eh hyhq/ l1h1/ d w|sh ri Ere1 Ohw  W eh wkh vhw ri phvvdjhv wkdw Dolfh pljkw
vhqg wkdw ohdg Ere*v w|sh ? wr lqyhvw zlwk srvlwlyh suredelolw|1 Dolfh*v w|sh ?  
vhqgv d phvvdjh lq wkdw vhw zlwk suredelolw|  +vlqfh vkh nqrzv wkdw Ere*v w|sh
?  2 lv qrw lqyhvwlqj/ vkh fkrrvhv khu phvvdjh wr pd{lpl}h wkh suredelolw| wkdw
Ere*v w|sh ? lqyhvwv,1 Qrz uhfdoo wkdw h{ dqwh/ Ere*v w|sh ? dvvljqhg suredelolw|

W
23R wr Dolfh ehlqj ri w|sh ?  1 Frqglwlrqdo rqo| rq revhuylqj d phvvdjh lq  /
wkdw suredelolw| pxvw zhdno| jr xs +Dolfh*v w|sh ?   dozd|v vhqgv d phvvdjh
lq  W / hyhq wkrxjk w|sh ? n  pd| qrw,1 Wkxv iru dw ohdvw rqh phvvdjh lq  W /
Ere*v w|sh ? pxvw dvvljq suredelolw| dw ohdvw 23 R wr Dolfh ehlqj w|sh ?  / dqg
wkhuhiruh qrw lqyhvwlqj1 Exw wkhq lw lv d vwulfw ehvw uhvsrqvh iru Ere wr qrw lqyhvw/
d frqwudglfwlrq1
4<

Wklv h{dpsoh vxjjhvwv wkdw rqfh wkhuh lv d odfn ri frpprq nqrzohgjh ri sd|0
rv/ hyhq sxeolf fkhds wdon pd| idlo wr uhvroyh lw1 Krzhyhu/ lw wxuqv rxw wkdw wkh
vwurqj uhvxow wkdw fkhds wdon pdnhv qr glhuhqfh wr wkh htxloleulxp vhw lv udwkhu
vshfldo1 Vhh Edoljd dqg Pruulv +5333, dqg Edoljd dqg Vmùvwuùp +5334, iru pruh
rq wklv lvvxh1
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